Sensitivity of Process Design to Uncertainties in Property Estimates
Chemical process design involves determination of design parameters, such as, reactor volume, number of stages or heat/mass transfer areas in order to meet desired specifications, such as, conversion, product purity, or cost effectiveness. The accuracy and reliability of obtained design parameters largely depends on the accuracy of physical and thermodynamic property data and property prediction models employed. While use of experimentally measured values for the needed properties is desirable in process design, the experimental data for the properties of interest may not be available in many cases. Also, process design involving new molecules/mixtures require property models to be predictive. In such cases, predictive property estimation methods such as group contribution (GC) methods are generally suitable to obtain the needed property values. In addition to the accuracy of the property estimates, the process design engineer also requires to consider uncertainties in the estimated property values in order to assess the quality and reliability of the final design. As a consequence, efficient and reliable property prediction methods together with tools that can provide estimates of uncertainties in the estimated property values become vital pre-requisites to analyze and understand the sensitivity of process design to the effects of input uncertainties.
The objective of this work is to develop a systematic methodology for performing analysis of the sensitivity of process design to uncertainties in property estimates to help achieve robust process design as well as to establish acceptable levels of accuracy for different thermo-physical property prediction methods. The developed methodology includes: (i) collection of design input data and pure component property values estimated with a GC-method together with uncertainties in property estimates using a tool that employs maximum likelihood theory for predicting errors in property estimates; (ii) model construction, solution, verification and validation using modeling and simulation tools; and (iii) analysis of the sensitivity of the final design parameters to uncertainties in pure component property estimates using one-factor-at-a-time sensitivity analysis. The methodology was applied to evaluate the effects of uncertainties in thermo-physical property estimates on the design of different unit operations such as extractive distillation, short path evaporator, equilibrium reactor, liquid-liquid extraction and crystallizer. For unit operations involving vapor-liquid equilibria, different Gibbs Energy (GE) based models (NRTL, Wilson, UNIQUAC and UNIFAC) and Equation of State based models (SRK and PR) were considered in sensitivity analysis and for comparison of final design parameters obtained from different models. The results showed that depending on the chemical systems involved, the driving forces they represented, the operating conditions and the choice of the thermodynamic model for property prediction, the input uncertainties resulted in significant uncertainties in final design. The developed methodology was able to assess the quality of final design, to identify the pure component and mixture properties of critical importance from process design point-of-view, to identify additional experimentation needs to reduce the most critical uncertainties and to establish the acceptable quality of physical and thermodynamic property data and property prediction models that can provide them.
